A B S T R A C T 29
Dimethylglycine (DMG) is a naturally occurring glycine derivative, which is useful as 30 additive to broiler diets as it improves nutrient digestibility and reduces the development of 31 broiler ascites syndrome. This study evaluated the efficacy of dietary DMG to enhance 32 performance of broiler chickens. Three trials were conducted to evaluate the effect of dietary 33 supplementation with 1 g Na DMG/kg on growth performance and carcass characteristics. In 34
Trial 1, the effect of sex was also assessed in a 2 x 2 factorial arrangement of treatments. In 35 Trials 1 (Germany), 2 (Austria), and 3 (Italy), each treatment consisted of 6, 12, and 11 36 replicate pens with 20, 15, and 16 one-day-old broiler chickens per pen, respectively. Dietary 37 DMG supplementation resulted in improved feed conversion ratio (FCR) in the starter phase 38 by 8.8 (P = 0.004), 6.4 (P = 0.001), and 4.8% (P = 0.006) compared with the control diet in 39 Trials 1, 2, and 3, respectively. The overall FCR improved in broiler chickens fed the diets 40 supplemented with DMG by 3.8 and 4.1% in Trials 1 (P = 0.007) and 3 (P = 0.006), 41
respectively. In addition, final body weight increased by 5.5% (P = 0.001) in Trial 2 and 42 production value improved by 6.8% (P = 0.015) in Trial 1 by dietary DMG supplementation. 43 Mortality in all trials was similar between dietary treatments. In all 3 trials, cold carcass 44 weight and total meat yield were as well similar between broiler chickens fed the control and 45 DMG diets. In Trial 1, dietary DMG had no effect on breast meat yield in male broiler 46 chickens, but it increased breast meat yield in female broiler chickens (diet x sex, P = 0.004). 47
Introduction 53
Three broiler trials were conducted at different European locations. Trial 1 was conducted 79 at the Free University of Berlin (Berlin, Germany). Trial 2 was conducted at the poultry trial 80 station in Äussere Wimitz (Kraig, Austria). Trial 3 was conducted at the certified (ISO 9001) 81 poultry farm, "Luca Fornello" in Settimo (Torinese, Italy). In each trial, 1-d-old broiler 82 chickens were randomly allocated to pens and fed control, basal diets or basal diets 83 supplemented with 1 g Na DMG/kg. In all trials, feed was offered ad libitum. 84
Animals and management 85
Housing conditions were in all trials in compliance with the minimal space restrictions 86 according to the revised European Treaties series No. 123 (ETS 123). Ingredient, and energy 87 and nutrient composition of basal diets are presented in Tables 1 and 2, followed by 23 h light:1 h darkness until d 7, and then 18 h light:6 h darkness until slaughter. 97
Ambient temperature was kept at 28°C during the first 2 wk, and after d 15, it was reduced by 98 0.5°C per day until 22°C was reached. Additionally, the temperature at the surface of the 99 bedding was monitored and maintained at about 34°C by infra-red heaters until d 21. Relative 100 humidity was 60.0 ± 3.5%. All birds were vaccinated against coccidiosis (Paracox; Essex 101 Pharma GmbH, Munich, Germany) at 9 d of age by individual oral application at the dose The vaccine against coccidiosis was administered in the drinking water, while those for 122
Newcastle disease and infectious bronchitis were administered by inhalation. 123
Assessed variables 124
Body weight (BW) and feed remainders were recorded at the beginning and end of all 125 feeding phases. Mortality was recorded daily. Average daily gain (ADG), average daily feed 126 intake (ADFI), and feed conversion ratio (FCR) were calculated for each feeding phase. an 8-h fasting period. In Trial 1 and 2, broiler chickens were euthanised by concussion 132 followed by exsanguination. In Trial 3, broiler chickens were euthanised by individual CO 2 133 gassing followed by exsanguination. In all trials, live weight with empty crop was determined 134 immediately prior to euthanasia. Then, broiler chickens were mechanically plucked after 135 immersion in hot water, manually eviscerated, and weight of abdominal depot fat measured. 136
The remaining carcass was chilled for 24 h at 3°C. Head, neck, and feet at hock joint were 137 removed from chilled carcasses to determine cold carcass weight. Breast meat, legs, and 138 wings were manually dissected to assess meat yield. 139
In Trial 2, organoleptic quality of breast meat was determined using 12 males (1/pen from 140 12 pens) and 12 females (1/pen from 12 pens) per treatment. Pieces of breast meat (3 x 3 x 1 141 cm) were roasted on both sides for 6 min at 180°C and then graded by a taste panel consisting 142 of 4 independent, trained individuals. The meat was subjectively graded for tenderness, 143 juiciness, and taste using scores ranging from 1 to 6. 144
Statistical analyses 145
Data on growth performance were statistically analysed with data per pen as the 146 experimental unit, whereas euthanized birds were used as the experimental unit for carcass 147 characteristics. Normality and homogeneity were tested with the Kolmogorov-Smirnov and 148 modified Levine test, respectively. All traits, except mortality, were analysed using one-way 149 ANOVA. Growth performance data in Trial 1 were analysed with diet, sex, and interactions 150 as independent variables, whereas in Trials 2 and 3, diet was used as an independent variable. (Tables 3 and 4 ). Compared to the control, FCR during the starter phase was reduced by 8.8 163 (5.7% for females and 11.8% for males; P = 0.004), 6.4% (P = 0.001), and 4.8% (P = 0.006) 164 in Trial 1, 2, and 3, respectively. In Trial 3, FCR during the finisher phase was 3.6% lower in 165 DMG supplemented broilers (P = 0.036). The overall FCR was improved by 3.8% in Trial 1 166 (4.0% for females and 3.6% for males; P = 0.007) and 4.1% in Trial 3 (P = 0.006). Production 167 value in Trial 1 was 25 units or 6.8% greater in broiler chickens supplemented with DMG (25 168 units or 6.7% for females and 26 units or 6.9% for males; P = 0.015). There was no diet x sex 169 interaction on growth performance in Trial 1. In Trial 2, dietary DMG resulted in an increase 170 in both ADFI (3.9%, P = 0.002) and ADG (7.0%, P = 0.001), and final BW increased by 171 5.5% (P = 0.001). In Trial 3, dietary DMG reduced ADFI by 3.7% (P = 0.027), but ADG and 172 final BW were similar compared to the control. 173
In Trial 1, dietary DMG had no effect on breast meat yield in male broiler chickens, but it 174 increased breast meat yield in female broiler chickens (diet x sex, P = 0.004; Table 3 ). There 175 was no effect of dietary DMG on carcass characteristics in Trial 2 (Table 4) . In Trial 3,those fed the control diets. This small decrease in fat deposition resulted in a 24.7% greater 178 meat yield to abdominal fat ratio (P = 0.013). Tenderness, juiciness, and taste of roasted 179 breast meat assessed in Trial 2 were comparable between treatment groups (Table 5) can be explained by enhanced accessibility for digestive enzymes (Kalmar et al., 2011) . Apart 194 from yolk utilization, for which the importance of pancreatic and biliary secretions seems to 195 be negligible, the digestive capacity of fat in broilers increases with age (Freeman, 1976; 196 Krogdahl, 1985) . In particular, digestion of vegetable oils, which were the sole or main fat 197 source in current trials, is underdeveloped in broiler chicks until the first 2 wk of age 198 (Freeman, 1976) . Therefore, an emulsifying agent is indeed expected to be most efficient in 199 improving digestibility in the broiler chicken during the starter phase. 
Conclusion 224
Three feeding trials were conducted at different locations. Although FCR varied widely 225 among trial sites, supplementation with DMG at a dose of 1 g Na DMG/kg resulted in anon FCR were most consistently observed and most pronounced during the starter phase, FCR 228 was in 2 of the 3 trials improved over the whole rearing period. In addition, finishing BW and 229 PV were increased in 1 of the 3 trials. Organoleptic quality of roasted breast meat was similar 230 between control and DMG groups. On the whole, this investigation demonstrated beneficial 231 effects of supplementary DMG over a wide range of broiler strains, basal diets, and rearing 232 conditions. A previous tolerance and safety study demonstrated that DMG does not 233 accumulate in edible parts of broiler chickens when supplemented at a dosage of 1 g Na 234 DMG/kg and, therefore, does not pose a consumer risk of involuntary intake of DMG 235 intended as a broiler feed additive (Kalmar et al., 2012) . 236
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